This manuscript presents an application of calculation methods in neutron activation analysis (NAA) of a large crude oil sample. Monte-Carlo computer code was developed. The computer code calculates neutron cross sections and neutron flux density distribution in the interior large sample. ENDF/B-VII.0 data files and ENSDF BNL-NCS-51655-01/02-Rev data files were used as nuclear databases in our computer code. HPGe planar detector efficiency registration technique and the software were developed for the absolute NAA technique of the large sample. The concentrations of Na, K, Ca, Sc, Cr, Fe, Co, Ni, Cu, Zn, Ga, As, Br, Sr, Zr, Mo, Ag, Sb, Cs, Ba, Ce, Nd, Sm, Eu, Tb, Dy, Ho, Tm, Yb, Lu, Hf, Ta, W, Pt, Au, Hg, Th and U in the crude oil samples of Eastern Siberia oilfield were determined using calculation and relative techniques in the concentration range from 10 −9 to 0.5%.
Introduction
The rapid development in the last few decades of power engineering and industry throughout the world, has led to increase consumption of crude oil and petroleum product. Elements Fe, Co, Ni, V, W, Mo, Pt, Pd are catalysts and N, P, As, Sb, Bi, O, S, Se, Te are paralysts of crude oil dissociation. Trace concentrations of these elements have an effect on the petroleum refining process. The concentration ranges of the elements (Co, Ni, Fe, V, W, Mo, Pt, Pd) are 10 %. During the last five years at our institute, studies have been conducted on the application of nuclear-physical methods of analysis to determine impurity content of crude oil samples. Neutron activation analysis, X-ray fluorescent analysis (XRF), and prompt gamma neutron activation analysis (PGNAA) were used as study methods. In our work, the NAA has high sensitivity and the ability to determine a large number of elements in one series of analysis.
NAA was used as an analytical method for the determination of impurities in the crude oil samples from Siberia oilfields. Usually the NAA is performed in pointsource geometry for decrease of neutron self shielding effect. Intensity of gamma ray (sensitivity of NAA method) can be increased by using of the large samples (weight about 100 g). An increase in the number of determined elements and the improvement of the detection limits (DL) has been achieved using large oil sample (LOS) NAA.
Monte Carlo method was used for assessing gammaand neutron-transport in samples. The Monte Carlo method is a probabilistic one that follows the path of a particle from its creation to death, simulating all its interactions. The result is an ability to accurately model complex systems. Hussein et al. [1] utilized Monte Carlo method to model the measurement of chlorine with prompt gamma-ray neutron activation analysis. Maurec [2] also used it to assess the neutron and gamma flux distribution in soils saturated with fresh water, salty water, and oil. We used this method to determinate neutron flux density distribution and activity distribution into large crude oil samples. Our studies were carried out under IAEA project "Application of Large Sample Neutron Activation Analysis Techniques for Inhomogeneous Bulk Archaeological Samples and Large Objects," research contract 15249.
culates thermal and epithermal neutron flux density distribution in the sample with the Monte-Carlo method. The program takes resolved resonance data from ENDF data file of section 151. The subroutine that computes Single-Level Breit-Wigner (SLBW) cross-sections uses next equations [3, 4] :
Elastic Scattering Cross Sections were calculated with the next equation for resolved resonance 
Angular distribution of secondary particles has been made. Angular distributions of emitted neutrons are used for elastically scattered neutrons, and for the neutrons resulting from discrete level excitation due to inelastic scattering. Probability that a particle of incident energy E will be scattered into the interval dμ about an angle whose cosine is μ given by
where: μ-cosine of the scattered angle in either the laboratory or the center-of-mass system, E-energy of the incident particle in the laboratory system, l-order of the Legendre polynomial a l the l-th Legendre polynomial coefficient, P l (µ) is penetration factor. Program verification has been executed using MCNP4C computer code and experiment. Following conditions were taken as initial data to calculate the neutron flux density distribution into sample: sample form was cylinder (Ø4.95 cm, H = 12.5 cm), sample material was NaCl (ρ = 1.38 g/cm 3 ). The sample was irradiated with the isotropic Maxwell neutron flux f = 10 13 s·m −2 ·s −1 at T = 293 K. Radial neutron flux density distribution was calculated with our program and MCNP4C computer code into sample, Figure 1 . Figure 2 shows experimental and calculation thermal neutron flux radial distribution inside NaCl sample.
HPGe planar detector efficiency registration technique and software for the absolute NAA technique of the large sample are developed. The correct registration of an activity is a very important problem for absolute NAA. Registration geometry is given in Figure 3 .
For the sake of mathematical simplicity are taken a = R. The detector efficiency calculation is based on the formula [5] : ε(E) is total absolute efficiency with which the Ge crystal detects γ-rays of energy E, μ(E) is total linear absorption factor of Ge detector, τ(E) is total linear absorption factor of sample. k(E) factor to take into account contribution of the Compton effect in the registration efficiency, k τ is gamma ray absorption factor of the sample material, k a is factor take into account the gamma ray absorption in end cap of detector and gold cover; τ end cap (E) and τ Au (E) Al or Be and Au absorption factor respectively; h end·cap and h Au are the end cap and golden cover thickness of the detector respectively.
The k(E) factor has been calculated as a deviation of experimentally received ε(E) values from calculated ε c (E) values for the point standard 152 Eu source. Registration efficiency of the point source was calculated by equation:
)-solid angle of the detector.
Calculated and experimental curves of detector efficiency are given in Figure 4 for a large sample (R = 1.1 cm, l = 9 cm, h 0 = 3.5 cm). Experimental data were obtained by using water solution of europium salt ( 152 Eu).
Experimental Part
The . The f thermal to epithermal flux ratio is 45. The α epithermal flux deviation from the ideal (1/E) distribution is determined with the "Cd ratio" method (Au, Co monitors) [6] . The result of measurement was 0.023 with uncertainty of 10%. Irradiation time was two-hour.
Samples and reference materials were repacked into clean weighing bottles after irradiation. . α parameter was 0.028 with uncertainty of 10%.
Sample and comparison standard activity was measured with the 15% coaxial HPGe detector (Canberra, FWHM 1.7 keV at E γ = 1332.5 keV) for the registration of high-energy gamma-rays and with the thin planar HPGe-detector (DSGmbH PSP 1000-13, FWHM 0.9 keV at E γ = 122 keV) for the registration of low-energy gamma-rays. The gamma-ray spectra were measured after 1, 7 and 15 days of cooling time. 
Results and Discussion
Relative and calculation NAA techniques were used for determination of Na, K, Cr, Fe, Co, Zn, As, Br, Mo, Ba, La, W, Au, and Hg in sample of Salimskaya oilfield. Analysis results of the oil sample are given in Table 1 .
Monte-Carlo computer code was used to determine neutron flux density distribution into the sample. Activity of the analytical nuclide was defined by where A is the experimental activity of analytical isotope of the defined element in the sample, n is quantity of elementary cells into sample, p is the isotope abundance, M is the atomic weight of the element, m i is mass of an elementary cell, N a is Avogadro number, is irradiation and cooling time factor, t ir and t d are irradiation and cooling time respectively, λ = ln(2)/T 1/2 , Т 1/2 is half-life of the analytical isotope. f th·i and f epi·i are thermal and epithermal neutron flux into i-th elementary cell that were calculated by Monte-Carlo computer code. σ th is thermal cross-section. I(α) is determined by where I 0 is resonance integral of the isotope and r E is Table 3 . The description of oil samples. effective resonance energy [6, 7] . From the activation equation
Sample number
the activity produced per gram of element can be calculated. The minimum activity required to enable measurement with a desired statistical precision can be estimated for example, following the equations given by Gerhard Erdtmann [6] ( ) ( ) where k q is the reciprocal value of the requisite relative standard deviation and σ 0 is the standard deviation of the background measurement.
Conclusion
Relative and calculation NAA techniques were developed. Large and routine crude oil samples of East Siberian oilfields were analyzed in our work. We have obtained the concentrations of thirteen eight elements in the samples. Comparison of the relative and absolute results shows that a confidence interval is better at a relative method. However, the calculation technique has better limit determination and is not limited with presence of reference materials, and we can define more elements using this technique. Analysis result of several samples is given in Table 3 . Sample description is given in Table 2 . Determination limits of elements are given in Table 4 for large crude oil samples.
